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(54) ACTIVE MATRIX DISPLAY 

(57) In order to provide an active matrix display 
device In wt^ch parasitic capacitance or the like is sup- 
pressed by forming a tNck insulating film around an 
organic semiconductor film and disconnection or the 
like does not occur in the opposing electrode formed on 
the upper layer of the thick insulating film, in an active 
matrix display devkie (1 ), first, a bank layer (bank) com- 
posed of a resist film is formed along data lines (^g) 
and scanning lin^ (gate), and by depoating an oppos- 
ing electrode (op) of a thin film luminescent element 
(40) on the ui:^ layer side of the bank layer (bank), 
capacitance that parasitizes the data lines (sfg) can be 
suppressed. Additionally, a discontinuities portion (ofQ 
is formed in the bank layer (bank). Since the discontinu- 
ities portbn (off) is a planar section which does not 
have a step due to the bank layer (bank), disconnection 
of the opposing electrode (op) does not occur at this 
sectbn. When an organic semiconductor film (43) is 
formed by an ink jet process, a liquid material dis- 
charged from an ink jet head is blocked by the bank 
layer (bank). 
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Description 

Technical Reld 

[0001] The present in\rention relates to an active 
matrix display device in which a thin film luminescent 
element such as an EL (electroluminescence) element 
or LED (light emitting diode) element, that emits light by 
application of a driving current to an organic semicon- 
ductor film, is driven and controlled by a thin film transis- 
tor (hereinafter referred to as a TFT). 

Background Art 

[0002] Active matrix display devices using current- 
controlled luminescent elements suc^ as EL elements 
or LED elements have been disclosed. Since lumines- 
cent elem^Tts used in dsplay devices of this type are 
self-luminescent backlights are not required, unlike in 
liquid crystal display devices, and the viewing angle 
dependence is small, all of which are advantageous. 
[0003} FIG. 1 3 is a Nock diagram of an active matrix 
display device which uses organic thin-film EL elements 
of the chargennjeclion type as described above. In an 
active matrix display device 1 shown in the drawing, on 
a transparent substrate 10, a plurality of scanning lines 
gate, a plurality of data lines sig extendirig in the direc- 
tion orthogonaJ to the direction of extension of the scan- 
ning fines gate, a plurality of common leeders com 
which run parallel to the data lines sig, and a plurality of 
pixels 7 which are formed in a matrix by the data lines 
sig and the scanning lines gate are arrayed. A data side 
drive circuit 3 and a scanning side drive circuit 4 are 
formed for data lines sig and scanning tines gate, 
respectively. Each of tiie pixels 7 includes a conduction 
control circuit 50 to which scanning signals are supplied 
through the scanning line gate arx^ a thin f3m lumines- 
cent element 40 which emits light in response to picture 
signals suppTted from the data line sig Uirough the con- 
duction control circuit 50. In this example, the conduc- 
tion control circuit 50 includes a first TFT 20 in which 
scanning signals are supplied to a gate electrode 
through the seining line gate, a storage capacitor cap 
for retaining picture signals supplied from the data tine 
sig through the first TFT 20, and a second TFT 30 in 
which picture signals retained by the storage capacitor 
cap are supplied to a gate electrode. The second TFT 
30 and the thin film luminescent element 40 are con- 
nected in series between an opposing electrode op 
(which will be described later in detail) and the common 
feeder com. The thin film luminescent element 40 emits 
light in response to a driving ctrrent applied from the 
common feeder com when the second TFT 30 is ON. 
and the emission is retained by the storage capacitor 
cap for a predetemvned period of time. 
[0004] VWth respect to the active matrix display device 
1 having the configuration described above, as shown in 
FIG. 14 and FIGs. 15(A) and 15(B). in any pixel 7, the 



first TFT 20 and the second TFT 30 are formed using an 
island-like semiconductor film. The first TFT 20 has a 
gate electrode 21 as a portion of the scanning line gate. 
In the first TFT 20. the data line sig is electrically con- 
5 nected to one of source and drain regions through a 
contact hole of a first interlayer insulating film 51 , and a 
drain electrode 22 is electrically connected to the other. 
The drain electrode 22 extends toward the region in 
which the second TFT 30 is formed, and to this exten- 
10 sion. a gate electrode 31 of the second TFT 30 is elec- 
trically connected through a contact hole of the f irst 
interlayer insulating film 51. In the second TFT 30, an 
interconnecting electrode 35 is electrically connected to 
one of the source and drain regions through a contact 
75 hole of the first interlayer insulating film 51 , and to the 
interconnecting electrode 35. a pixel electrode 41 of the 
thin film luminescent element 40 is electrically con- 
nected through a contact hole of a secorrd interiayer 
insulating film 52. 
20 [0005J As is clear from tiie FIQ, 14 and FIQs. 15(B) 
and 15(C). the pixel electrode 41 is formed independ- 
ently by pixel 7. On the upper layer side of the pixel elec- 
trode 41 , an organic semiconductor film 43 and the 
opposing electrode op are deposited in that order. 
25 Although the organic semiconductor film 43 is formed 
by pixel 7, it may be formed in a strip so as to extend 
over a plurality of pixels 7. As is seen from FIG. 13, the 
opposing electrode op is fornied not only on a display 
area 1 1 in which ptxete 7 are arrayed, but also over sub- 
so stantially the entire surface of the transparent substrate 
10. 

[0006] Again, in FIG. 14 and FIG. 15(A). to the other 
one of the source and drain regions of the seccHid TFT 
30, the common feeder com is electrically connected 

35 through a contact hole of the first interlayer insulating 
film 51 . An extension 39 of the common feeder com is 
opposed to an extension 36 of the gate electrode 31 of 
the second TFT 30 with the first interlayer insulating f im 
51 as a dielectric film therebetween to form the storage 

40 capacitor cap. 

[0007] However, in the active matrix display device 1 . 
since only the second Interlayer insulating film 52 is 
interposed between the opposing electrode op v^ich 
faces the pixel electrode 41 and the data line sig on the 

45 same transparent substrate 10. which is different from a 
liquid crystal active matrix display device, a large 
amount of capacitance parasitizes the data line sig and 
the load on the data side drive circuit 3 increases. 
[0008] Therefore, as shown in FIQ. 13. FIG. 14, and 

so FIGs. 16(A), 16(8), and 16(C). the present inventor sug- 
gests that by providing a thick insulating film (bank layer 
bank, a shaded region in which lines that slant to the left 
are drawn at a targe pitch) between the opposing elec- 
trode op and the data line sig and the like, the capaci- 

55 tance that parasitizes the data line sig is decreased. At 
the same time, the present inventor suggests that by 
surrounding a region in which the organic semiconduc- 
tor film 43 is fonned by the insulating film (bank layer 
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bank), when the organic semiconductor lilm 43 is 
lornned of a liquid material (discharged liquid) dis- 
charged Irom an ink jet head, the discharged liquid is 
blocked by the bank layer bank and the discharged liq- 
uid is presented from spreading to the sides. However, K 
such a configuration is adopted, a large step bb is 
formed due to the existence of the thick bank layer 
bank, the opposing electrode op formed on the upper 
layer of the bank layer bank is easily disconnected at 
the step bb. If such disconnection of the opposing elec- 
trode op occurs at the step bb, the opposrng electrode 
op in this portion is insulated from the surrounding 
opposing electrode op, resulting in a dot defect or line 
defect in display. If disconnection of the opposing elec- 
trode op occurs along the periphery of the bank layer 
bank that covers the surface of the data side drive cir- 
cuit 3 and the scanning side drive circuit 4, the opposing 
electrode op in the display area 1 1 is conpletely insu- 
lated from a terminal 12, resulting in disenabled display 
[0009] Accordingly, it is an object of the present inven- 
tion to provide an active matrix display device in which, 
even when parasitic capacitance is suppressed by fcs-rrv 
ing a thick insulating film around an organic semicon- 
ductor film, disconnection or the like does not occur in 
the opposing electrode formed on the upper layer of the 
thick insulating film. 

Disclosure of Invention 

[001 0] )n order to achieve the object described above, 
in the present invention, an active nrtatrix display device 
includes a display area having a plurality of scanning 
lines on a sutsstrate, a plurality of data lines extending In 
the direction orthogonal to the direction of extension of 
the scanning lines, and a prfurality of pixels formed in a 
matrix by the data lines and the scanning lines. Each of 
the pixels is provided with a thin film luminescent ele- 
ment having a conduction confrol circuit induding a TFT 
in which scanning signals are supplied to a gate elec- 
trode through the scanning lines, a pixel electrode, an 
organic semi conductor film deposited on the upper layer 
side of the pixel ^ectrode. and an opposing electrode 
formed at least over the entire surface of the display 
area on the upper layer side ot the organic semiconduc* 
tor film. The thin film luminescent element emits light in 
response to picture signals su):^lied from the data lines 
through the conduction control ctrcutt. A regk>n in which 
the organic semiconductor film is formed is delimited by 
an insulating film formed in the kwer layer side of the 
opposing electrode with a thickness that Is larger than 
that of the organic semiconductor film, and the insulat- 
ing film is provkJed with a discontinuities portion for con- 
necting the individual exposing electrode sections of the 
pixels to each other through a planar section whkdi 
does not have a step due to the insulating film. 
[0011] In the present invention, since the opposing 
electrode is fonmed at least on the entire surface of the 
display area and is opposed to the data lines, a large 



amount of capacitance parasitizes the data fines if no 
measures are taken. In the present invention, however, 
since a thick insulating film is interposed between the 
data lines and the on^osing electrode, parasrtization of 
5 capacitance in the data lines can be prevented. As a 
result, the toad on the data side drive circuit can be 
decreased, resulting in lower consumption of electric 
power or faster display operation. If a thick insulating 
film is formed, although the insulating film may fbnn a 
w large st^ and disconnection rr\ay occur in the opposing 
electrode formed on the upper layer side of the insulat- 
ing film, in the present invention, a discontinuities fJor- 
tion is configured at a predetermined position of the 
thick insulating film and this section is planar. Accord- 

75 ingly. the opposing electrodes in the individual regior^ 
are electrically connected to each other through a sec- 
tion formed in the planar section, and even if disconnec- 
tion occurs at a step due to the insulating film, since 
electrical connection is secured through the planar sec- 

20 tion which oon^e^nds to the discontinuities portion of 
the insulating film, disadvantages resulting from discon- 
nection of the opposing substrate do not occur. There- 
fore, in the active matrix display device, even if a thick 
insulating film is formed around the organk; semicon- 

2S ductor film to suppress parasitic capacitance and tiie 
like, disconnection does not occur in the opposing elec- 
trode formed on the upper layer of the insulating film, 
and thereby display quality and reliability of the active 
matrix display device can be improved. 

30 [0012] In the present invention, preferably, the con- 
duction control circuit is provkied with a first TFT in 
which the scanning signals are supplied to a gate elec- 
trode and a second TFT in which a ^te electrode is 
connected to the data line through the firs! TFT, and the 

35 second TFT and the thin film luminescent element are 
connected in series between a common feeder formed 
ind^ndentiy of the data line and the scanning line for 
feeding a driving current and the opposing electrode. 
That is, although it is possitsle to configure the conduc- 
ed tion control circuit with one TFT and a storage capacitor, 
in view of an increase in display quality, it is preferable 
that the conduction control circuit of each pixel be con- 
figured wKh two TFTs arKi a storage capacitor. 
[001 3] In the present invention, preferat^y. the insutat- 

45 ing film is used as a t^ank layer for preventing the spread 
of a discharged liquid when the organic semiconductor 
film is form^ in the area delimited by the insulating f Bm 
by an ink jet process. In such a case, the insulating film 
preferably has a thrckness of 1 ^m or more, 

so [0014] In the present invention, when the insulating 
film is formed along the data lines and the scanning 
lines such that the insulating film sunrounds a regton in 
whteh the organk? semicor^uctor film is fonmed, ttie dis- 
continuities portion is formed in a section between the 

55 adjacent pi)ffil& in tiie direction of extension of tiie data 
lines, between adjacent pixels in the direction of exten- 
sion of tiie scanning Iines« or adjacent pixels in both 
directions. 
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[001 5] In a different manner from the mode described 
above, the insulating film may be extended along the 
data lines in a strip, and in such a case, the discontinue 
ties portion may be formed on al least one end in the 
direction of extension. 5 
[(MM 6] In the present invention, preferably, in the 
region in which the pixel electrode is formed, a region 
overlapping the region in which the conduction control 
circuit is formed is covered with the Insulating film. That 
is, preferably, in the region In which the pixel electrode is 
formed, the thick insulating film is opened only at a pla- 
nar section in which the conduction control circuit is not 
formed and the organic semrconductor film is formed 
only in the interior of this. In sudn a configuration, dis- 
play unevenness due to layer thickness irregularity of is 
the organic semiconductor film can be prevented. In the 
region in which the pixel electrode is formed, In a region 
overlapping the region in which the conduction control 
circuit is formed, even if the organic semiconductor film 
emits light because of a driving current applied from the 20 
opposing electrode, the light is shaded by the conduc- 
tion control circuit and does not contribute to the display. 
The driving current that is applied to the organic semi- 
conducta film in the section which does not ccHitribute 
to the display is a reactive current in terms of display. In ss 
the present invention, the thick insulating film is formed 
in the section in which such a reactive cun^ent should 
have flowed in the conventional structure, and a driving 
current is prevented from being applied thereat. As a 
resuH, the amount of current applied to the comnnon 30 
feeder can be reduced, and by decreasing the width of 
the common feeder by that amount, the emission area 
can be increased, and thereby display characteristics 
such as luminance and contrast ratio can be improved. 
[0017] In the present invention, preferably, an active 3$ 
matrix display device includes a data side drive circuit 
for supplying data signals through the data lines and a 
scanning side drive circuit for supplying scanning sig- 
nals through scanning tines in the periphery of the 
display area; the insulating film is also farmed on the 4C 
upper layer skfe of the scanning side drive circuit and 
the data side drive circuft, and the rnsutating film is pro- 
vided wth a discontinuiljes portion for connecting the 
opposing electrodes between the display area ^de and 
the substrate periphery side thmugh a planar section 4S 
which does not have a step caused by the insulating film 
at the position between the region in which the scanning 
side drive circurf is formed arti the region in which the 
data side drive drcult is formed. In such a configuration, 
even rf disconnection of the opposing electrode occurs so 
along the periphery of the insulating film that covers the 
surface of the data side drive circuit and the scanning 
side drive circuit the oji^x^ing electrode on the display 
area side and the opposing electrode on the substrate 
periphery side are connected through the planar section 55 
which does not have a step caused by the ir^lattng 
film, and the electrical connection between the oppos- 
ing electrode on the display area side and the opposing 



electrode on the substrate periphery side can be 
secured. 

[0018] In the presem invention, when the insulating 
fSm is composed of an organic material such as a resist 
film, a thick film can be formed easily In contrast, when 
the insulatirtg film is composed of an inorganic material, 
an alteration in the organic semiconductor film can be 
prevemed even if the insulating film is in contact with the 
organic semiconductor film. 

Prtet Descrrptfon Qf the Drgwjpg? 

[qoi9] 

FIG. 1 is a block diagram which schematically 
shows the general layout of an active matrix display 
device as enrtxxJiment 1 of the present invention. 
FIG. 2 is a plan view which shows a pixel included 
in the active matrix display device shown in FIQ. 1. 
FIGs. 3(A), 3(B), and 3(C) are sectional views taken 
along the line A-A', the line B-B'. and the line C-C 
of FIG. 2, respectively 

FIG. 4 is a block diagram which schematically 
shows the general layout of an active matrix display 
device as variation 1 of the embodiment 1 of the 
present invention. 

FIG. 5 is a plan view which shows a pixel included 
in the active matrix display device shown in FIG. 4. 
FIQs. 6(A). 6(B), and 6(C) are sectional views taken 
along the line A-A', the line B-B*. and the line C-C 
of FIG. 5. respectively 

FIG. 7 is a block diagram which schen^ticatly 
shows the general layout of an active matrix display 
device as variation 2 of the en^odiment 1 of the 
present inventioa 

FIG. 8 is a plan view which shows a pixel irrctuded 
in the active matrix display device shown in FIG. 7. 
FIGs. 9(A), 9(B), and 9(C) are sectional views taken 
along the line A-A', the line B-B\ and the line C-C* 
of FIG. 8, respectively 

FIG. 1 0 a block diagram which schematically shows 
the general layout of an active matrix display devfoe 
as emtxxliment 2 of the present inventfon. 
FIG. 1 1 is a plan view which shows a pixel included 
in the active matrix display device shown in FIG. 10. 
FIGs. 12(A). 12(B), and 12(C) are sectional views 
taken along the line A-A\ the line B-B', and the line 
C-C' of FIG. 11, respectively 
FIG. 13 is a block diagram which schematically 
shows the general layout of bx\ active matrix display 
device as a comparative ex^nple with respect to 
the conventional device and a device in accordaix^e 
wttii the present invention. 
FIG. 14 is a plan view which shows a pixel included 
in the active matrix display device shown in FIG. 1 3. 
FIGs. 15(A), 15(B), and 15(C) are sectional views 
taken along the line A-A*. the line B-B*. and the line 
C-C of FIG. 14. respectively 
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FKjs. 16(A), 16(B), and 16(C) are other sectional 
views taken along the line A-A', the iine B-B\ and 
the line C-C of FIQ. 14, respectively. 

Reference Numerals 



[0020] 



1 


active matrix di^iay device 


2 


display area 


3 


data side drive circuit 


4 


scanning side drive circuit 


7 


pixel 


10 


transparent substrate 


12 


terminal 


20 


first TFT 


21 


gate electrode of the first TFT 


30 


second TFT 


31 


gate electrode of the second TFT 


40 


lun^nescent element 


41 


pixel electrode 


43 


organic semiconductor 


bank 


bank layer (insulating film) 


cap 


storage capacitor 


com 


common feeder 


gate 


scanning line 


op 


opposing electrode 




data line 


off 


discontinuities portion of the bank layer 



Best Mode for Carrvino Out the Invention 

[0021] Embodiments of the present invention will be 
desabed with reference to the drawings. In the follow- 
ing desaiption, the same reference numerals are used 
for the elements whk;h are the same as those described 
in RG. 13 through FIG. 16. 

EMBODIMENT 1 

(General Conf iguration) 

[0022] FIG. 1 is a block cfiagram which schematically 
shows the general layout of an active matrix display 
device. FIG. 2 is a plan view which shows a pixel 
included in the device shown in FIQ. 1 . FIQs. 3(A). 3(B). 
and 3(C) are sectional views taken along the line A-A\ 
the line B-B'. and the line C-C of the FIG. 2, respec- 
tively. 

[0023] In an active matrix display device 1 shown in 
FIG. 1 , the central section of a transparent substrate 10 
as a base is defined as a display area 11 . In the periph- 
ery of the tran^rent sut>strate 1 0, a data side drive dr- 
cuit 3 for outputting picture signals is formed on the end 
of data lines slg. and a scanning side drive circuit 4 is 
formed on the end of scanning lines gate. In the drive 
circuits 3 and 4, complementary TFTs are configured by 
n-type TFTs and p-type TFTs, and the complementary 



TFTs constitute a shift register circuit, a level shifter cir- 
cuit, an analog switch circuit, and the like. In the display 
area 1 1 , in a manner simitar to that in the active matrix 
substrate in the liquid crystal active matrix display 

5 d&^ice, on the transparent substrate 10, a plurality of 
scanning lines gate, a plurality of data lines slg extend- 
ing in the direction orthogonal to the direction of exten- 
sion of the scanning lines gate, and a plurality of pixels 
7 which are formed in a matrix by the data lines slg and 

10 the scanning lines gate are arrayed. 

[0024] Each of the pixels 7 includes a conduction con- 
trol circuit 50 to which scanning signals are supplied 
through the scanning line gate and a thin film lumines- 
cent element 40 which emits light in response to picture 

15 signals supplied from the data line slg through the con- 
duction control circuit 50, In the example shown here, 
the conduction control circuit 50 includes a first TFT 20 
in which scanning signals are supplied to a gate elec- 
trode through the scanning line gate, a storage capad- 

20 tor cap for retaining pk^ture signals supplied from the 
data line sig through the first TFT 20. and a secorxJ TFT 
30 in whteh picture signals retained by the storage 
capadtor cap are supplied to a gate electrode. The sec- 
ond TFT 30 and the Ihin film luminescent element 40 

2S are connected in series between an opposing electrode 
op (which will be described later in detail) and a com- 
mon feeder com. 

[0025] With respect to the active matrix display device 
1 having the configuration described above, as shown in 

30 FIG. 2 and FlGs. 3(A) and 3(B), in any pixel 7, the first 
TFT 20 and the second TFT 30 are formed using an 
island-like semiconduclorfilm (silicon film). 
[0026] The first TFT 20 has a gate electrode 21 as a 
portion of the scanning line gate. In the first TFT 20. the 

36 data line slg is electrically connected to one of source 
and drain regions through a contact hole of a first inter- 
layer insulating film 51, and a drain electrode 22 is elec- 
trically connected to the other. The drain electrode 22 
extends toward the region in which the second TFT 30 

40 is formed, and to this extension, a gate electrode 31 of 
the second TFT 30 is electrk:ally connected through a 
contact hole of the fs^ interlayer insulating f im 51 . 
[0027] To one of source and drain regions of the sec- 
ond TFT 30» an interconnecting electrode 35 amultane- 

45 ously formed with the data line sig is electrically 
connected through a contact hole of the first interlayer 
insulating film 51. and to the interconnecting electrode 
35. a transparent pixel electrode 41 composed of an 
ITO film of the thin film lunnnescent element 40 is elec- 

50 trically connected through a contact hole of a second 
interlayer insulating film 52. 

[0028J As is dear from FIG. 2 and FIGs. 3(B) and 
3(C), the pixel electrode 41 is independently formed by 
pixel 7. On the upper layer side of the pixel electrode 41 . 
55 an organic semiconductor film 43 composed of polyphe- 
nylene vinylene (PPV) or the like and the opposing elec- 
trode op conrposed of a metal film such as lithium- 
containing aluminum or caldum are deposited in that 
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order to form the thrn iWm luminescent element 40. 
Although the organic semiconductor f tim 43 is formed in 
each pixel 7. it may be formed in a strip so as to extend 
over a plurality of pixels 7. The opposing electrode op is 
formed on the entire display area 11 and in a region 5 
excluding the periphery of a portion in which terminals 
12 of the transparent substrate 1 0 are formed. The ter- 
minals 12 include a terminal of the opposing electrode 
op which is connected to wring (not shown in the draw- 
ing) simultaneously fonned with the opposing electrode 10 
op. 

[0029] Additionally, for the thin fiim luminescent ele- 
ment 40. a structure in which luminous efficiency (hole 
injection efficiency) is inaeased by providing a hole 
injection layer, a structure in which luminous efficiency is 
(electron injection efficiency) is Increased by providing 
an electron injec^'on layer, or a structure in which both a 
hole injection layer and an electron injection layer are 
twmed. may be enptoyed. 

[0030] Again, in FIG. 2 and FIG. 3(A). to the other one 20 
of source and drain regions of the second TFT 30, the 
common feeder com is elecbically connected through a 
ccHitact hole of the first intertayer insulating film 51. An 
extension 39 of the common feeder com is opposed to 
an extension 36 of the gate electrode 31 of the second 25 
TFT 30 with the first interlayer insulating film 51 as a 
dieJectric film therebetween to form the storage capaci- 
tor cap. 

[0031 ] As descn'bed above> in the active matrix display 
device 1 , when the first TFT 20 is ON by being selected 30 
by scanning signals, picture signals from the data line 
sig are applied to the gate electrode 31 of the second 
TFT 30 through the first TFT 20, and at the same time, 
picture signals are stored in the storage capacitor cap 
through the first TFT 20. As a result, when the second 35 
TFT 30 is ON, a voltage is applied v\nth the opposing 
electrode op and the pixel electrode 41 serving as a 
negative pole and a positive pole, respectively, and in 
the region in which the applied voltage exceeds the 
^eshold voHage, a current (driving current} applied to 4q 
the organic semiconductor film 43 sharply increases. 
Accordingly, the luminescent element 40 emits light as 
an electroluminescence element or an LED element, 
and light of the luminescent element 40 is reflected from 
the opposing electrode op and is emitted after passing as 
through the transparent pixel electrode 41 and the 
transparent sidDStrate 10. Since the driving current for 
emitting light as described above flows through a cur- 
rent path composed of the opposing ^ectrode op. the 
organic senwconductor film 43, the pixel electrode 41. so 
the second TFT 30, and the common feeder com. when 
the second TFT 30 is OFF, the driving current stops 
flowing. However, in the gate electrode of tiie second 
TFT 30, even if the first TFT 20 is OFF. the storage 
capacitor cap maintains an electric potential that is ss 
equivalent to the picture signals, and thereby the sec- 
ond TFT 30 remains ON. Therefore, the driving currertf 
continues to be applied to the luminescent element 40, 



and the pixel stays illuminated. This state is maintained 
until new image data are stored in the storage capacitor 
cap and the second TFT 30 is OFF. 

(^ructure of Bank Layer) 

[0032] In the active matrix display device 1 having the 
configuration described above, in this embodiment, in 
order to prevent the data lines sig from being parasit- 
ized with a large amount of capacitance, as shown in 
FIG. 1, FIG. 2. and FIGs. 3(A), 3(B), and 3(C). a thick 
insulating film composed of a resist film or poiyimide film 
(bank layer bank, a shaded region in which lines that 
slant to tiie left are drawn at a targe pitch) is provided 
along the data lines sig and the scanning lines gate, 
and the opposing electrode op is formed on the upper 
layer side of the bank layer bank. Thereby, since the 
second interlayer Insulating film 52 and the thick bank 
layer bank are interposed between the data line sig and 
tiie opposing electrode op, capacitance that parasitizes 
the data line sig is significantly reduced. Therefore, the 
load on the drive circuits 3 arxi 4 can be decreased and 
lower consumption of electric power or faster display 
operation can be achieved. 

[0033] As shown in FIG. 1 , the bank layer bank (diag- 
on^ly shaded region) is also formed in the periphery of 
the transparent substrate 10 (a regbn external to the 
display area 1 1 ). Accordingly, both the data side drive 
circuit 3 and the scanning side drive circuit 4 are cov- 
ered with the bar^ layer bank. The opposing electrode 
op is required to be formed at least on the display area 
11, and is not required to be formed in drive circuit 
regions. However, since the opposing electrode op is 
g&ierally formed by mask-sputtering, alignment accu- 
racy is low and the opposing electrode op may some- 
times overlap drive circuits. However, in this 
ent>odiment even if the opposing electrode op over- 
laps the region in which the drive circuits are formed, 
the t>ank layer bank is interposed between the lead 
layer of the drive circuits and the 0|^>06ing electrode op. 
Therefore, the parasHizatbn of capacitance in the drive 
circuits 3 and 4 can be prevented, and thereby the load 
on the drive circuits 3 and 4 can be decreased and 
lower consumption of electric power or faster display 
operation can be achieved. 

[0034] Further, in tiiis embodiment, in the regk>n in 
which the pixel electrode 41 is formed, in a region in 
whtah the conduction control circuit 50 overlaps the 
interconnecting eledrode 35, the bank layer bank is 
also formed. Therefore, the organic semkx}nductor film 
43 is not formed in the overlapping region with the inter- 
connecting electrode 35. That is, since the organic sem- 
iconductor film 43 is formed only in the planar section in 
the region in which the pixel electrode 41 is formed, the 
organic semiconductor film 43 is formed at a given thick- 
ness and cSsplay unevenness does not occur. If there is 
no bank layer bank in the overlapping regran with the 
interconnecting electrode 35. a driving current flows 



6 



11 



EP0 940 796 A1 



12 



between this section and the opposing electrode op and 
the organic semiconductor film 43 emits light. However, 
the light rs sandwiched between the interconnecting 
electrode 35 and the opposing electrode op, is not emit- 
ted externally, and does not contribute to the dtsplay. $ 
Such a driving current which flows in the section that 
does not contribute to the display Is a reactive cuaent in 
view of the display. However, tn this embodiment, the 
bank layer bank is formed in the section in which such 
a reactive current shoutd have flowed in the conven- io 
tional structure, and a driving current is prevented frcwn 
being applied thereat; a useless current can thereby be 
prevented from flowing through the comnrion feeder 
com. Therefore, the width of the common feeder com 
can be decreased by thai amount. As a resuh, the emis- 15 
sion area can be increased, and thereby display charac- 
teristics such as luminance and contrast ratio can be 
improved. 

[0035] Moreover, in this embodiment since the bank 
layer bank is formed along the data lines sig and the 20 
scanning lines gate, any pixel 7 is surrounded by the 
thick bank layer bank. Thereby, If no measures are 
taken, the opr>osing electrode op of each pix^ 7 is con- 
nected to the opposing electrode op of the adjacent 
pixel 7 by climbing over the bank layer bank. In this 2S 
embodimem, however, a discontinuities portion off is 
formed in the bank layer bank at the section corre- 
sponding to a section between the acQacent pixels 7 in 
the direction of extension of the data line sig. A discon- 
tinurties portion off is also formed in the bank layer so 
bank at the section corresponding to a section between 
the adjacent pixels 7 in the direction of extension of the 
scanning line gate. Further, a discontinuities portion off 
is also formed in the t>ar^ layer tsmW at each end of the 
data lines sIg and the scanning lines gate in each of the 3S 
directions of extension. 

[0(^] Since such a discontinurties portion off does 
not have the thick t>ank layer bank, it is a ptanar section 
which does not have a large step due to the bank layer 
bank and the opposing electrode op formed in this sec- 40 
tion does not suffer from disconnection. TTier^y. the 
opposing electrode op of each pixel 7 is securely con- 
nected to each other through the planar section which 
does not have a step due to the bank layer bank. There- 
fore, even if a thick insulating layer (bank layer bank) is 45 
formed around the pixel 7 to suppress parasitic capaci- 
tance and the like, disconnection does not occur in the 
opposing electrode op formed on the upper layer of ^e 
thick insulating film (bank layer bank). 
[0037] Moreover, the bank layer bank formed on the so 
upper ^yer skle of the scanning side drive circuit 4 and 
the data side drive circuit 3 is provided with a disconti- 
nuities portk)n off at the position between the region in 
which the scanning side drive circuit 4 is formed and the 
region In which the data side drive circuit 3 is formed, ss 
Thereby, the opposing electrode op on the side of the 
display area 1 1 and the opposing electrode op in the 
periphery of the sii>strate are connected through the 



discontinuities portion off of the bank layer bank, and 
this discontinuities portion is also a planar section which 
does not have a step due to the bank layer bank. 
Accordingly, since the opposing electrode op formed in 
the discontinuities portion off is not disconnected, the 
opposing electrode op on the side of the display area 1 1 
arti the opposing electrode op in the periphery of the 
substrate are securely connected through the disconti- 
nuities portion off of the t>ank layer bank, and the termi- 
nals 12 that are wired and connected to the opposing 
electrode op in the periphery of the substrate and the 
opposing electrode op in the display area 11 are 
securely connected. 

[0038] If the bank layer bank is formed of a black 
resist, the bank layer bank functions as a black matrix, 
resulting in improvement in di^ay quality such as con- 
trast ratk>. That is, in the active matrix display device 1 
of this embodiment, since the opposing electrode op is 
formed over the entire surface of the pixel 7 on the face 
side of the transparent substrate 10. reflected light from 
the opposing electrode op decreases contrast ratio. 
Howler, if the bank layer bank that functions as a pre- 
venter of parasitic capacitance is conposed of a black 
resist the bank layer bank also functions as a black 
matrix and shades the reflected light from the opposing 
electrode op. resulting in improvement in contrast ratio. 

(Method for Fabricating Active Matrix Display Device) 

[0039] Since the bank layer bank formed as desaibed 
alx)ve is configured so as to surround the region in 
which the organic semiconductor film 43 is formed, in 
the fabricating process of the active matrix display 
device, when tine organic semiconductor film 43 is 
formed of a liquid material (discharged liquid) dis- 
charged from an ink jet head, the bank layer bank 
blocks the discharge liqukf and prevents the dis- 
charged Itqu'd from spreading to the sides. In the 
method for fabricating the active matrix display device 1 
described below, since the steps up to the fabrication of 
the first TFT 20 and tie second TFT 3D on the transpar- 
ent sibstrate 10 are substantially the same as those for 
fabricating the active matrix substrate of the liquid ays- 
tal active nmtrix display device 1, the outline will l>e 
briefly described with reference to FIGs. 3(A), 3{B), and 
3(C). 

[0040] First, on the transparent sU>strate 10. as 
required, a protective film (not shown in the drawing) 
composed of a silicon oxkJe film having a thickness of 
approximately 2,000 to 5,000 angstroms is fbnned by a 
plasma CVD process using TEOS (tetraethoxysilane) or 
oxygen gas as a source gas, and then on the surface of 
the protective f 3m, a semiconductor film composed of 
an anwphous silicon film having a thickness of approx- 
imately 300 to 700 angstroms is formed by a plasma 
CVD process. Next, the semfconductor film composed 
of an amorphous silicon film is subjected to a aystalli- 
zation step such as iaser-annealing or scM phase epi- 
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taxy to crystallize the semiconductor fflm into a 
polysilicon film. 

10041] Next, the island-like semiconductor film Is 
formed by patterning the semiconductor film, and on the 
surface thereof, a gate insulating film 37 composed of a s 
slHcon oxide film or nitride film having a thickness of 
approximately 600 to 1 ,500 angstroms is formed by a 
plasma CVD process using TEOS (tetraethoxysilane) or 
oxygen gas as a source gas. 

[0042] Next, a conductive film composed of a metal io 
film such as aluminum, tantalum, molytxJenum. tita- 
nium, or tungsten is formed by sputtering and is then 
patterned to form gate electrodes 21 and 31. and an 
extension 36 of the gate electrode 31 (gate electrode 
formation step). In this step, scanning lines gate are is 
also formed. 

[0043] In this state, source and drain regions are 
formed in a sdf-aiigned manner with respect to the gate 
electrodes 21 and 31 by implanting high -concentration 
pJiosphorus ions. The section in which impurltres are 20 
not inrplanted t>ecomes a channel region. 
[0044] Next, after the first interlayer insulating film 51 
is formed, the individual contact holes are formed. 
TTien, the data line sig, the drain electrode 22, the com- 
nx)n feeder com. the extension 39 of the common 25 
feeder com, and the interconnecting electrode 35 are 
formed. As a result, the first TFT 20, the second TFT 30. 
and the storage capacitor cap are formed. 
[0045] Next, the second interlayer insulating film 52 is 
formed, arxJ a contact hole is formed in the interlayer so 
insulating film at the section corresponding to the inter- 
connecting electrode 35. Then, after an 170 film is 
formed on the entire surface of the second interlayer 
insulating film 52. by patterning, the pixel electrode 41 
that is electrically conneaed to the source^rain region ss 
of the second TFT 30 through the contact hole is formed 
in eac^ |:»xel 7. 

[0046] Next, after a resist layer Is formed on the sur- 
face side of the second interlayer insulating film 52. the 
resist is pattemed so as to remain along the scanning 40 
line gate and the data line sig to 16rm the bank layer 
bank. A dlsconttnuities portion off is formed at a prede- 
termined section of the bank layer bank. At this stage, 
the resist section to be left along the data line sIg is 
formed broadly so as to cover the common feeder com. 4s 
As a result the region in which the organic semiconduc- 
tor f flm 43 of the luminescent elenr*ent 40 is to be formed 
is surrounded by the bank layer bank. 
[0047] Next, in the region defimrted in a matrix by the 
bank layer bank, the individual organic semiconductor so 
films 43 corresponding to R, Q. and B are fornf>ed using 
an ink jet process. To this end, a liquid material (precur- 
sor) for constituting the organic semiconductor film 43 is 
discharged from an Inkjet head to the interior region of 
the bank layer bmK and is f\ycB6 In the interior region of 55 
the bank layer bank to form the organic semiconductor 
film 43. The bank layer bank is water repellent because 
It is composed of a resist In contrast, since the precur- 



sor of the organic semiconductor film 43 uses a 
hydrophilic solvent even if tfiere is a discontinuities por- 
tion off in the bank layer bank that delimits the regton in 
which the organic semiconductor film 43 is formed, 
since such a discontinuities portion off Is narrow, the 
region in which the origanic semicorKluctor film 43 is 
applied is securely defined by the bank layer bank and 
spreading to the adjacent pixel 7 does not occur There- 
tore, the organic semiconductor film 43. etc.. can be 
formed only witi^in tiie predetermined region. In ttiis 
step, since tiie precursor discharged from the ink jet 
head swells to a thickness of approximately 2 to 4 
under tiie influence of surface tension, the bank layer 
bank must have a thickness of approxinrtately 1 to 3 ^m. 
The fixed organic semiconductor film 43 has a thickness 
of approximately 0.05 to 0.2 ^im. Additionally, when the 
barrier of the bank layer bank has a height of 1 |im or 
more, even rf the bank layer bank is not water repellent, 
the bank layer bank functions satisfactorily as a barrier. 
By forming such a thick bank layer bank, the region in 
which the organic semiconductor film 43 is formed can 
be defined when the film 43 is formed by an application 
process instead of the ink jet process. 
[0048] Thai, the opposing electrode op is formed 
substantially on tiie entire surface of the ti-ansparent 
substi-atelC. 

[0049] In accordance witfi the fabrication method 
descrbed above, since the indivicfcial organic senicon- 
ductor f3ms 43 corresponding to R, G, and B can be 
fonmed in tiie predetermined region using ttie ink jet 
process, the full color active matrix display device 1 can 
be fabricated with high productivity. 
[0050] Additionally, although TFTs are also formed in 
the data side drive drcuit 3 and the scanning side drive 
circuit 4 shown in FIG. 1. the TFTs are formed entirely 
or partially r^>eating the steps of fornring the TFTs in 
the pixel 7 described above. Therefore, TFTs included 
in the drive circuits are formed l>etween the same layers 
as those of the TFTs of the pixel 7. With respect to tiie 
first TFT 20 and the second TFT 30, both may be n-type 
or p-type. or one may be n-type and tiie otiier may be p- 
type. In any combination, since TFTs can be formed in 
a known manner, description thereof will be omitted. 

VARIATION 1 OF EMBODIMENT 1 

[0051] FIG. 4 is a block diagram whk;h schematically 
shows the general layout of an active mati-ix di^lay 
device. FIG. 5 is a plan view which shows a pixel 
included in ttie device shown in FIG. 4. FIGs. 6(A), 6(B), 
and 6(C) are sectional views taken along the line A-A". 
the line B-B\ and the line C-C of FIG. 5. respectively. 
Since this embodiment has basically the same configu- 
ration as that of embodiment 1, the same reference 
numerals are used for the parts that are the same as 
those of embodiment 1, and detailed description thereof 
will be omitted. 

[0052] As shown in FIG. 4, FIG. 5. and FIGs. 6(A), 
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6(B), and 6(C), in an adive matrix display device 1 of 
this embodimem, a thick insulating film composed of a 
resist film (bank layer bank, a shaded region in which 
lines that slant to the left are drawi at a targe pitch) is 
also provided along the data lines slg and the scanning 5 
lines gate, and the opposing electrode op is formed on 
the upper layer side of the bank layer bank. Thereby, 
since the second interlayer insulating film 52 and the 
thick bank layer bank are interposed b^een the data 
line stg and the opposing electrode op. the capacitance w 
that parasitizes the data line slg is significantly reduced. 
Therefore, the load on the drive circuits 3 and 4 can be 
decreased and lower oonsunption of electric power or 
faster display operation can be achiey/ed. 
[0053] The bank layer bank (diagonally shaded is 
region) is also formed in the periphery of the transpar- 
ent substrate 10 (a region external to the display area 
11). Accordingly, both the data side drive circuit 3 and 
the scanning side drive circuit 4 are covered with the 
bank layer bank. Ev^ if the opposing electrode op 20 
ovaries the region in vt^ich the drive circuits are 
formed, the bank layer bank is int^osed between the 
wiring layer of the drive circuits and the opposng elec- 
trode op. Therefore, the parasitization of capadtance in 
the drive circuits 3 and 4 can be prevented, and thus the 2s 
load on the drive circuits 3 and 4 can be decreased and 
lower consumption of electric power or faster di^lay 
operation can be achieved. 

[0054] Further, in this embodiment in the region in 
which the pixel electrode 41 is formed, in a region in 30 
which the corrduction control circuit 50 overlaps the 
interconnecting electrode 35. the bank layer bank is 
also formed, and thereby a useless reactive current can 
be prevented from flawing. Therefore, the width of the 
oommOT feeder com can be decreased by that amourrt. 3S 
[0055] Moreover, In this embodiment, since the bank 
layer bank is fomned along the data lines slg and the 
scanning fines gate, any pixel 7 is surrounded by the 
bank layer bank. Therefore, since the individual organic 
semiconductor films 43 corre^onding to R. G, and B 40 
can be formed in the predetermined region usir>g an ink 
process, the full color active matrix display device 1 
can be falcated with high productivity. 
lOOSB] Moreover, a discontinuities portion off is 
formed in the bank layer bank at the section corre- 4S 
sponcBng to a section between the acjacent pixels 7 in 
the extending direction of the scanning lines gate. A dis- 
continuities portion off is also formed in the bank layer 
bank at each end of the data lines slg and the scanning 
lines gate in each of the extending directicHi& Further, so 
the fc>ank layer bank formed on the upper layer side of 
the scanning side drive circuit 4 and the data side drive 
circuit 3 is provided with a discontinuities portion off at 
the position between the region in whidi the scanning 
sWe drive circuit 4 is formed and the region in which the 55 
data side drive drcuit 3 is formed. Accordingly, frie 
opposng electrodes op are securely connected to each 
other through a planar sectron (discontinuities portion 



off) which does not have a step due to the bank layer 
bank, and disconnection does not occur 

VARIATION g OF EMBODIMENT 1 

[0057] FIG. 7 is a block diagram which schematically 
shows the general layout of an active matrix display 
device. FIG. 8 is a plan view which shows a pixel 
included in the device shown in FIG. 7. FIGs. 9(A), 9(B), 
and 9(C) are sectional views taken along the line A-A', 
the line B-B', and the line C-C* of FIG. 8, respectively. 
Since this embodiment has basically the same configu- 
ration as that of embodiment 1, the same reference 
numerals are used for the parts that are the same as 
those of emtxxiiment 1 , and detailed description thereof 
will be omitted. 

[0058] As shown in FIG. 7. FIG. 8, and FIGs. 9(A). 
9(B), and 9(C). In an active matrix display device 1 of 
this emtxDdiment, a thidt insulating film composed of a 
resist film (bank layer tank, a shaded region In which 
lines that slant to the left are drawn at a large pitch) is 
also provkied along tiie data lines slg and the scanning 
lines gate, and the opposing electrode op is formed on 
the upper layer side of the bank layer bank. Thereby, 
since the second interiayer insulating film 52 and the 
thick bank layer bank are interposed between the data 
line slg and the oppoang electrode op. tiie capacitance 
that parasitizes the data line sig is signrf icantiy reduced. 
Therefore, the load on the drive circuits 3 and 4 can be 
decreased and lower consumption of electric power or 
faster display operation can be achieved. 
[0059] The bank layer bank (diagonally shaded 
regbn) is also formed in the periphery of tiie transpar- 
ent substrate 10 (a region extema! to the display area 
11). Accordingly, both the data skie drive drcuit 3 and 
the scanning skie drive circuit 4 are covered with the 
bank layer bank. Even if ^e opposing electrode op 
overlaps the region in which the drive dncuits are 
formed, the t?ank layer bank is interposed between the 
wiring \aym of the drive circuits and the opposing elec- 
trode op. Therefore, the parasitization of capacitance in 
the drive drcurts 3 and 4 can be prevented, and thus the 
k>ad on the drive drcurts 3 and 4 can be decreased and 
lower consumption of electric power or faster display 
operation can be achieved. 

[0080] Further, in tiiis embodiment, in the region in 
which the pixel electrode 41 is formed, in a regies in 
which tile conduction continol circuit 50 overlaps the 
interconnecting ^ectrode 35, the bank layer bank is 
also formed, and thereby a useless reactive current can 
be prevented from fk)wing. Therefore, tfie width of tiie 
common feeder com can be deaeased by tiiat amount. 
[0081] Moreover, in this embodiment, since the t>ank 
layer bank is formed along the data lines slg and the 
scanning lines gate, any pixel 7 is surrounded by the 
bank layer bank. Therefore, since the individual organk; 
semiconductor iWrns 43 corresponding to R. G, and B 
can be formed in the predetermined regk)n using an ink 
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jest process, the full oolor active matrix display device 1 
can be fabricated with high productivity. 
[0062] Moreover, a discorrtinuHies portion off is 
formed in the bank layer bank at the section corre- 
sponding to a section between the adjacent pixels 7 in s 
the extending direction o1 the data lines sig. A disconti- 
nuities portion off is also fonmed in the bank layer bank 
at each end of the data lines sig and the scanning lines 
galfi in each of the extending directions. Further, the 
bank layer bank formed on the upper layer skie of the lo 
scanning side drive drcuit 4 and the data skJe drive cir- 
cuit 3 is provkled with a discontinuities portion off at the 
position between the region in which the scanning side 
drive circuit 4 is formed and the region in which the data 
side drive circuit 3 is formed. Accordingly, the c^aposing is 
electrodes op are securely connected to each other 
through a planar section (discontinuities portion off) 
which does not have a step due to the bank layer bank, 
and disconnection does not occur. 

20 

EMBODIMENT 2 

[0063] FIG. 1 0 is a block diagram which schemattcally 
shows the general layout of an active matrix display 
device. FIG. 11 is a plan view which shows a pixel ss 
included in the device shown in FIQ. 10. FIQs. 12(A), 
12(B). and 12(C) are sectional views taken along the 
line A-A\ the line B-B\ and &ie line C-C of FIG. 11, 
respectively. Since this embodiment basically has the 
same configuratwn as that of embodiment 1 , the same 3d 
reference numerals are used tor the parts that are the 
same as those of embodiment 1 , and detailed descrip- 
tion thereof will be omitted. 

[0064] As shown in FIG. 1 0. FIG. 1 1 , and FIGs. 1 2(A), 
12(B), and 12(C). in an active matrix display device 1 of 35 
this embodiment, a thick insulating film corr^sed of a 
reast film (bank layer bank, a shaded region in which 
lines that slam to the left are drawn at a large pitch) is 
formed in a strip along the data lines sig, and the 
opposing electrode op is formed on the iqDper l^er side 40 
of the bank layer bank. Thereby, since the second inter- 
layer insulating film ^ and the thk;k bank layer bank are 
interposed t>etween the data line sig and the opposing 
^ectrode op, the capacitance that parasitizes the data 
line sig is significantly reduced. Therefore, the load on 4S 
the (trive circuits 3 and 4 can be decreased and tower 
consunr^tion of electric power or faster display opera- 
tion can be achieved. 

[0065] The bank layer bank (diagonally ^ded 
region) is also fdmied in the periphery of the transpar- so 
ent substrate 10 (a region externa) to the display area 
11). Accordingly both the data side drive circuit 3 and 
the scanning side drive circuit 4 are covered with the 
bank layer bank. Even if the oppo^ng electrode op 
overlaps the region in which the drive circuits are ss 
formed, the bank layer bank is interposed between the 
wiring layer of the drive circuits and the opposing elec- 
trode op. Therefore, the parasitization of capacitance in 



the drive circuits 3 and 4 can be prevented. arKl thus the 
load on the drive circuits 3 and 4 can be decreased and 
lower consumption of electric power or faster display 
operation can t>e achieved. 

[0066] Moreover, In this embodiment, since the t)ank 
layer bank is fc^^med along the data lines sig, the indi- 
vidual organic semiconductor films 43 con-esponding to 
R, G, and B can be formed in a strip in the regon delim- 
ited in a strip by the bank layer bank using an ink jet 
process. Thereby the full color active nr^trix display 
device 1 can be fabricated with high productivity. 
[0067] Moreov^, the bank layer bank is provided with 
a discontinuities portion off at each end of the data lines 
sig in the extending directfon. Thereby, the opposing 
electrode op of each pixel 7 is connected to the oppos- 
ing electrode op of the adjacent pixel 7 by climbing over 
the t)ank layer bank. By tracing the extending direction 
of the data lines sig, it is found that the opposing elec- 
trodes op of the individual pixels 7 are connected to the 
adjacent row of pixels in the extending direction of the 
scanning lines gate, at the end of the data lines stg. 
through a discontinuities portion off (planar section 
which does not have a step due to the bank layer bank). 
TTierefdre. the opposing electrodes op of the indrvdual 
pixels 7 are connected to each other through the f^nar 
section which does not have a step due to the bar^ 
layer bank, and the opposing electrode op of any pixel 
7 is not disconnected. 

QTHER gf^PPPIMENT? 

[0068) Additionally, virtien the bank layer bank (insulat- 
ing film) is composed of an organic material such as a 
resist film or a polyimide film, a thick film can be easily 
formed. When the bank layer bank {insulating film) is 
composed of an inorgank; material such as a silicon 
oxide film or silicon nitrkje film deposited by a CVD 
process or SOG process, an alteration in the organic 
semiconductor film 43 can be prevented even If the 
insulating film is in contact with the organic semiconduc- 
tor film 43. 

[0069] Beskles the structure in which tfie storage 
capacitor cap is formed tDy the common feeder com. the 
storage capacitor cap may be fonmed t>y a c^>acity line 
formed in parallel to the scanrting line gate. 



IndngtrfPi Applloftbiiity 

[0070] As descried above, in an active matrix displ^ 
device in accordance with the present invention, since a 
thick insulating film is interposed between data lines 
and opposing electrodes, the parasitization of capaci- 
tance in the data lines can be prevented. Therefore, the 
foad on a data skte drive circuit can be decreased, 
resulting in lower oonsunption of electric power or 
fester display operatioa Additionally, a discontinuities 
portion ts formed at a predetermined position of the 
thick insulating f Dm and the section is planar. Acoord- 
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rngjy. the opposing electrodes in the Individtial regions 
are electrically connected to each other through a sec- 
tion formed in the planar section, and even if disconnect 
tion occurs at a step due to the insulating film, electrical 
connection is secured through the planar section corre- 5 
spending to the discontinuities portion of the insulating 
film. Thereby, even if a thick insulating film is formed 
around an organic semiconductor film to suppress par- 
asitic capacitance or the like, disconnection does not 
occur in the opposing electrodes formed on the upper 
layer of the insulating film, and thus display quality and 
reliability of the active matrix display device can be 
improved. 

Claims is 

1. An active matrix display device comprising a dis- 
play area comprising a plurality of scanning lines on 
a substrate, a plurality of data lines extending in the 
direction orthogonal to the direction of extension of 20 
the scanning lines, and a plurality of pixels formed 
in a matrix by the data lines and the scanning lines: 
each of the pix^s being provided with a thin film 
luminescent element comprising a conduction con- 
trol drcutt having a thin f 9m transistor for supplying 2S 
scanning signals to a gate electrode through the 
scanning lines, a pixel electrode, an onganic semi- 
conductor film deposited above the pixel electrode, 
and an opposing electrode formed at least over the 
entire surface of the display area above the organic 30 
senv'conductor film; the thin film luminescent ele- 
ment emitting light in response to picture signals 
supplied from the data lines through the conduction 
control circuit; 

wherein a region for forming the organic semicon- 35 
ductor film is defimrted by an insulating film which is 
thucker than the organic semiconductor film and 
formed below the opposing electrode; and 

the insulating film is provided with a discontinu- 40 
ities portion for connecting the individual 
opposing electrode sections of the pixels to 
each other through a planar section not having 
a step fomr^ tiy the insulating film. 

45 

2. An active matrix display device according to Claim 
1 , wherein ttie conduction control circuit comprises 
a first thin film transistor in which the scanning sig- 
nals are supplied to a gate electrode and a second 
thin film transistor in which a gate electrode is con- so 
necled to the data lines through the first thin film 
transistor; and 

the second thin film transistor and the thin film 
luminescent element are connected in series ss 
between a common feeder formed ind^end- 
ently of the data lines and the scanning lines for 
feeding a driving current and the opposing 



electrode. 

3. An active matrix display device according to one of 
Claims 1 and 2, wherein the insulating film is used 
as a bank layer for preventing the spread of a dis- 
charged liquid when the organic semiconductor film 
is formed by an ink jet process in the region delim- 
ited by the insulating film. 

4. An active matrix display device according to Claim 
3, wherein the insulatng film has a thickness of 1 
pm or more. 

5. An active matrix cfisplay device according to any 
one of Claims 1 to 4, wherein the insulating film is 
formed along the data lines and the scanning lines 
so as to sunound a region in which the organic 
semiconductor film is formed, and the insulating 
f8m is provided with the cfiscontinuities portfon 
between adjacent pixels in both directions of exten- 
sion of the data lines and the scanning lines. 

6. An active matrix display device according to any 
one of Ctaims 1 to 4, wherein the insulating film is 
formed along the data lines and the scanning lines 
so as to surround a region in which the organic 
semiconductor film is formed, and the insulating 
fam is provided with the cfiscontinuittes portfon 
between adjacent pixels in the direction of exten- 
sion of the scanning lines. 

7. An active matrix display device according to any 
one of Claims 1 to 4. wherein the insulating fitm is 
formed along the data lines and the scanning lines 
so as to surround a region in which the organic 
semiconductor fitm is form^. and the insulating 
fOm is provided with the cfiscontinuities portion 
between adjacent pixels in the direction of exten- 
sion of the data lines. 

8. An active matrix display device according to any 
one of Claims 1 to 4, wherein the insulating film is 
formed in a strip along the data lines, and the dis- 
continuities portion is provided on at least one end 
in the direction of fonmation. 

9. An active matrix display device according to any 
one of Clainre 5 to 8, whereia in the region in which 
the ^xe\ electrode is formed, a region overlapping 
the region in which the conduction control circuit is 
formed is covered with the Insulating film. 

10. An active mati-ix display de^ce according to any 
one of Claims 1 to 9. wherein a data side drive cir- 
cuit for 5U|:^lying data signals through the data 
lines and a scanning side drive circuit for supplying 
scanning signals through tiie scanning lines are 
formed In the periphery of the display area; the 
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insulating film is also formed above the scanning 
side drive circuit and the data side drive circuit; and 
the insulating film is provided with a disconfinurties 
portion for connecting the opposing electrodes 
between the display area side and the substrate s 
periphery side through a planar section which does 
not have a step due to the insulating film at the posi- 
tion between the region in which the scanning side 
drive circuit is formed and the region in which the 
data side drive circurt is formed. to 

11. An active matrix display device according to any 
one of Claims 1 to 10, wherein the insulating film 
comprises an organic material. 

15 

12* An active nriatrtx display device accorcfing to any 
one of Claims 1 to 1 0, wherein the insulating film 
comprises an inorganic material. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 11 
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FIG. 12 
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FIG. 13 




25 



EP0940 796 A1 



FIG* 14 




26 



EP0940 796 A1 




27 



EP 0 940 796 A1 




28 



EP0 940 796 A1 



INTERNATIONAL SEARCH REPORT 


blcmalional ajjplication No.. 




PCT/JP98/03663 


A CLASSIFICATION OF SUBJECT MATIER 




Int. CI' 609F9/30, H01L33/00, H05B33/22 





Accordine to lateroatkmal Pitent a«gificaticwi QPQ cr to both natiofwl daasfficatio n and IPC 
B. FIELDS SEARCHED 

Mioimum doaiinenuticn suniied (dassificttfoo 8>steiD foU<iw«d by classiQcstioo nrnbols) 
Int.Cl* G09F9/30, 9/33, H01L33/O0 



Documentatiottscardicd other than miniinum docnzncnttHoQ to the extent (hat such ctocumeiits are induded in the iietds searched 
JitairyD Shiiian KcrtK) 1926-1995 
Kokai Jitsuyo Shinan Koho 1971- X995 



Elcsdranic data base oonsulied during the intematicaat seardi (name of data base aod, where practicable, search itrtns used) 



C DOCUMENTS CONSIDERED TO HE RELEVANT 



Category* 



CiUlion oTdoGUfnent, with indteation, where appropriate; of the relevatit passage 



Retevmi to daim Na 



JP, 2-66867, A (Matsushita Electric Industrial 
Co., Ltd. ), 

6 March, 1990 (06. 03. 90) f Family i none) 

JP, 52-64B91, A (Westinghouse Electric Co., LtdOr 

28 May, 1977 (28. 05. 77) 

£ US, 4042854, A & US, 4135959, A 

JP, 9-161970, A (Stanley Electric Co., Ltd.), 
20 June, 1997 (20. 06. 97) (Family: none) 



1-12 



1-12 



1-12 



^ Further doaunetiti are listed In the cxmliiiuation of Beat C Q See patent Camilyarmcx. 



'^1?^''?^°^?**^"*'''^''**"'^'^"°" <»»teBiidiiMtocodDcta*kdi6ap|totkmbtidiadiDin^^ 
co^endiolieafTwtKttlM-ieleranoe tbcpiiadpfeor teory MitertTii^ ibeinvauim) 
caiberdocBttintbmpiiMidKdoairariertbeiiiimBtionalQi^ TT docuooaafptfikaltf ntmace IledaisMdiiratkttcam 

dledlDcnbliAlteTiabbcahaBibiBcfioodwrdtiBMorofb^ wteathedoauneKtbtikaaaloM 
■r^- y^"*?^"'*"^ d«iin*trfp«tk»l«^rtfcwthpd««»rfim^ 

•V ^""^ pnabiDpd^lhoocgrMoiocttpwtcfadocMicaia^mdiooa^Mtioa 
r dotaiMpttUcdiedpnoriobeiolcmiiinidffi^ bd^obviowiDapeattaskiUBdiatbean 
the poority date daimed "A" doaimeBtraeaiber itfibcBiut patent &aa)y 


Date of the actual eompletxon of the tntcmatiooal scaidi 
5 November, 1998 (05. 11. 98) 


Date of maSix^ of the intematiooal seardi report 

17 November, 1998 (17. 11. 98) 


Name and maiiing address of the ISA^ 
Japanese Patent Office 

Faesimtle No. 


Amborized officer 
Telephone Na 



Fonn PCT/ISA/210 (seoomd sheet) (July 1992) 



29 



EP 0 940 796 A1 



INTERNATIONAL SEARCH REPORT 



Ittlcni 



iNo. 



PCT/JP9S/03663 



A CLASSmOVnON OF SUBJECT MATtS ""^ 

Int. CI G09F9/30, H01L33/00, H05B33/22 

Acoonl.Bg to Intcmtronal Pateit Qtaaification C!PQ or tobofe n-tiaoiU d^ific 



stioD and IPC 



Itokai Jitsuyo Shinan Koho 1971-1995 



! ae<*««ic<faa b». ooMuiw daring the inl«™ik».l »»* (n«ne of dat. b»e «d. wh«pnettoble, 



search tenns used) 



C DOCUMENTS CX»<SmBRED TO BE RELEVANT 



CBlegorjr* 



Relevmnt to dum Na 



2-bb867, A (Matsushita Electric Industrial 
6 March, 199* (og. 03. 90) (Family, none) 

* OS, 4042854, a i us, «135959, A 

JP, 9-163970, A (Stanley Electric Co., Ltd.). 
20 June, 1997 (20. 06. 97) (Family: nine) 



1-12 



1-12 



1-12 



SpeotJ cttetoiicBorcilcddDctunB^ 



oDoklaal to he of ptitknlarRJtmiKB 



stBte of the M which is Boi 



T tewAwnacntpuWMhcdtftothcurt^^ 



It be omdered lo tflwHTC im iDVMiiMe s 



'O* docuxKi lefeniQg to 



d to twotve u motive «ep wWtt a» dnotauat 
CMofaiaed witb OK or mofc othv « 
^ b«igiAyw»»to,pcoo«dcatai»ifcc«i 
A ikiauaesi neater of tewu!fBte>tfMia»r 



c of the aiaud oompiction of the interoation*! «ttdi 
5 November, 1999 (05. 11. 98) 



Date of mailing of Ihc ioteniatfonal seudi report 

17 November, 1998 (17. 11. 98) 



Nunc and mailing addreis c( the ISA/ 
Japanese Patent Office 

[ Facsim ile No. 
Fonn PCr/ISA/210 (seamd nhctt) (July 1992) 



Antborized officer 
Telephone No. 



29 



